Background: It is increasingly important to evaluate patients' recovery after ambulatory surgery. The authors developed the Functional Recovery Index (FRI) to assess postdischarge functional recovery for ambulatory surgical patients.
AS more complex procedures on higher risk patients are performed as ambulatory surgery, it is increasingly important to evaluate patients' recovery after their hospital discharge. Data on postdischarge recovery are crucial not only as indicators for quality of care, but also as outcome measurements for the evaluation of new surgical and anesthetic techniques being developed for ambulatory surgery.
In-hospital morbidity, such as unanticipated admission, delayed discharge, [1] [2] [3] and postdischarge morbidity, such as readmission and symptom severity, have been used as adverse outcomes for ambulatory anesthesia. 1 However, the advances in both surgical and anesthetic techniques, particularly in ambulatory surgery, have made mortality and major morbidity rare events; therefore, the patient's quality of life, i.e., the ability to resume normal activities after discharge home, should be considered one of the principal endpoints after ambulatory surgery and anesthesia. Because functional recovery of various aspects of patients' daily living is a subjective assessment, it is imperative that the assessment be made from the patients' perspective. Therefore, as with the measurement of any other subjective outcome, an instrument that has undergone vigorous methodologic development and testing for reliability and validity is needed. The existing instruments to evaluate postoperative recovery after ambulatory surgery do not meet all of these criteria or were not designed specifically for ambulatory surgical patients. 4 The use of a standardized instrument across clinical trials for ambulatory surgery and anesthesia would allow better comparisons between trials.
The aim of this study was to develop a new instrument, the Functional Recovery Index (FRI), to assess postdischarge functional recovery for ambulatory surgical patients. The reliability and validity of this instrument was determined using conventional psychometric methodologies.
Materials and Methods
The scale development involved four phases: item generation, item selection, reliability, and validity testing.
Patients were recruited from two sites, The Toronto Western Hospital and The Princess Margaret Hospital, Toronto, Ontario, Canada. The total number of patients recruited for developing the FRI was 688.
Patients were eligible for inclusion if they were older than 16 yr, undergoing any ambulatory surgical procedure with same-day discharge or 23-h stay, had the ability to participate in a postoperative phone interview, and were able to read English.
Patients were excluded if they had a history of alcohol and drug abuse, active mental dysfunction or cognitive deficiency, or any serious perioperative complication necessitating admission.
Informed consent was obtained, and approval for the study was obtained from the University Health Network Research Ethics Board, Toronto, Ontario, Canada.
Scale Development
Items were generated from three sources: literature search, patients, and content expert interviews. [5] [6] [7] [8] [9] [10] [11] [12] [13] were checked for relevant citations. Patients were interviewed using open-ended questions (appendix 1). Patients were encouraged to volunteer any concepts they considered important to postoperative recovery and any expressions they would use to describe postoperative recovery. The principle for the interviews was "sampling to redundancy," 14 i.e., the interviewing process was terminated when no new items were generated from at least three consecutive interviews. Any items suggested by at least one patient were included in the draft scale. Forty patients were interviewed for this stage.
The draft scale, consisting of 34 items divided among six dimensions and formatted using the basic structure of the Medical Outcomes Study 36-Item Short-Form Health Survey, 15 was forwarded to 11 content experts in Canada and the United States (appendix 2).
These experts were committee members of the Society of Ambulatory Anesthesia or well-known experts in ambulatory anesthesia. The experts were encouraged to review the scale to suggest additional items and to modify existing items.
Items retained after content expert review were scaled from 0 (no difficulty) to 10 (extreme difficulty) and were pretested on a minimum of 50 patients on day 3 after surgery for feasibility (time, ease of administration) and ambiguity of items (jargon, double-barreled questions, negative/value-laden wordings, length of items). A continuous scale (0 -10) was chosen because a categorical scale can result in a loss of information and reliability. 16 Items were selected through the following steps: testing endorsement frequency, factor analysis, and testing internal consistency.
The preliminary FRI scale was pretested to determine the proportion of patients choosing each score on the scale for each item (endorsement frequency). A histogram of the responses was constructed, and items with an endorsement rate of less than 0.2 or greater than 0.8 were eliminated.
Retained items were subjected to factor analysis to determine the underlying factor/dimensions. Items with communalities of 0.6 or greater were retained. Factor analysis was performed with orthogonal rotation, assuming that the factors were mutually exclusive and selected with a Catell Scree plot. 16 The critical value for retention of items was 0.39 based on 5.152/ ͙ NϪ2 where N indicates sample size. 16 Items not loading on any factor (i.e., factor loading Ͻ 0.39), items loading on more than one factor, and factors with less than three items per factor were eliminated. If many items loaded on one factor, redundant items were eliminated. However, a minimum of three items per factor had to be retained.
After factor analysis, the internal consistency of each item within a factor was determined. A Cronbach ␣ was calculated, and items with an ␣ less than 0.7 or greater than 0.9 were eliminated.
Scale Evaluation
Each patient was interviewed by telephone by each of two research assistants, 30 min apart from each other to determine the interrater reliability of the FRI. These patients were interviewed on day 3 after surgery by telephone. The intraclass correlation coefficient was determined.
Face and content validity were determined through patient and content expert interviews during the scale development phase.
To determine construct validity, we tested five hypotheses:
1. That the FRI would correlate with the verbal rating scale for pain (0 ϭ no pain, 10 ϭ severe pain), because pain constitutes one aspect of postoperative recovery (convergent validity). 2. That the FRI would correlate positively with the hours of restricted activity, duration in recovery room, and duration of hospital stay. 3. That age, American Society of Anesthesiologists physical status, duration of surgery, intermediate surgery, e.g., knee arthroscopy, and major surgery, i.e., microdiscectomy and mastectomy and axillary dissections, were significant predictors of FRI (discriminant validity). 4. That function would improve over time and the FRI would decrease in response to increasing function (lower score indicating an improvement in functional recovery [responsiveness]). 5. That the FRI change score would improve most dramatically after more extensive surgery when compared with minor surgery. As such, the change in the score of patients having intermediate surgery, e.g., knee arthroscopy, and microdiscectomy (major surgery) should be greater than those having dilatation and curettage and eye procedures (minor surgery).
To assess acceptability, the rate of response and the time for completion of the questionnaire were recorded.
The final score was adjusted for items that were not answered or not applicable for the patient.
Statistical Analysis
Nonparametric or parametric tests were used where appropriate. Data were analyzed with SAS 9.1 for Windows (SAS Institute, Cary, NC) or SPSS 16.0 for Windows (SPSS Inc., Chicago, IL). A P value less than 0.05 was considered significant.
A minimum of 50 patients were required to test endorsement.
14 Factor analysis requires a sample size of 5-10 subjects per item on the scale. Because the draft scale contained 34 items, approximately 180 patients were required. To determine internal consistency for the correlation of each item with each other within the factor/dimension, Cronbach ␣ was calculated. Because grouping of items under dimension is essentially another test for internal consistency, the scores from the same 180 patients were used. The intraclass correlation coefficient was calculated using the following formula: intraclass correlation coefficient ϭ 2 patients/( 2 patients ϩ 2 observers ϩ 2 error), where 2 patients ϭ variance attributed to differences among patients; 2 observers ϭ variance attributed to differences among observers; and 2 error ϭ variance attributed to random error that is inversely related to reliability. 17 Assuming the intraclass correlation coefficient to be at least 0.7 with a confidence interval Ϯ 0.1 and ␣ error of 0.05, the sample size requirement for interrater reliability testing was 130 patients. 18 Assuming a Pearson/Spearman correlation of 0.5-0.6 with a confidence interval of Ϯ 0.1 and ␣ error of 0.05, the sample size requirement for testing convergent validity was 189 -247 patients. 17 For discriminant validity testing for multivariable analysis, the sample size requires 10 subjects per item analyzed; because there were 14 items, 140 patients were required. To calculate responsiveness, the Friedman test (the nonparametric equivalent of a one-way analysis of variance for comparing repeated measures) was used to analyze the changes in the scores during the postoperative period (postoperative days 1, 3, 5, and 7) as compared with the baseline, i.e., the preoperative value. Responsiveness was evaluated in 100 patients. The change in FRI score on postoperative day 7 from baseline (preoperative) was compared between patients undergoing minor surgery (dilatation and curettage or eye surgery) and those having more extensive surgery using the Mann-Whitney U test, and a P value less than 0.05 was considered statistically significant.
Results

Scale Development
Thirty-four preliminary scale items were compiled from a review of the literature and interviews with patients. A further 21 were compiled after content expert input, for a total of 55 items comprising the draft FRI. These 55 items were grouped under six factors/dimensions, including basic activities of daily living, intermediate activities of daily living, role limitation, social function, mental function, and symptom distress. The 55-item draft questionnaire was pretested with 76 patients, and 9 of the 55 items were eliminated because they had an endorsement frequency of greater than 0.8.
Because the modified questionnaire now had 46 items, with a sample size of 5 subjects per item, a minimum of 230 patients were to be interviewed for factor analysis. Three hundred twenty-four patients (cohort A) were interviewed for factor analysis. The demographic data and types of surgery for cohort A are shown in table 1. The surgery was performed with general anesthesia in 56% of the patients, 15% of the patients received regional anesthesia, and 29% of the patients had monitored anesthesia care.
Diagnostic checks removing items with communalities less than 0.6 removed 12 items, leaving 34 items. Principal component analysis was used to extract factors. The factor analysis with 4 factors was performed and was found to be satisfactory because a total of 77% of the variance of the data were explained by the 4 factors. Factor loading matrix was determined between the 34 items and 4 factors. Varimax rotation was performed to optimize the loading distribution. One factorially complex item was eliminated. Seventeen items loaded well on factor 1; however, of these, 7 items with the lowest values were eliminated to shorten the questionnaire to 26 items. Initially, 4 factors were chosen; however, because factor 4 (which included 4 items) had an ␣ of only 0.43, it was eliminated. The factor analysis with 3 factors showed that a total of 74% of the variance of the data were explained by the 3 factors. The factors identified did not confirm the original dimensions assigned. Factor 1 suggested pain and social activity, factor 2 suggested lower limb activity, and factor 3 suggested general physical activity.
Internal consistency testing of the revised scale in cohort A patients led to elimination of another 8 items, leaving 14 items grouped under 3 factors (table 2) . Each item was scored from 0 -10 with 0 ϭ no difficulty to 10 ϭ extreme difficulty with the activity. The 3 factors were summated for a total score, and the final score was adjusted for items that were not answered or not applicable for the patient. A lower score indicates better recovery, whereas a higher score indicates greater difficulty with recovery; the maximum score would be 140.
Internal consistency for the 3 factors was as follows: Cronbach ␣ ϭ 0.90, 0.89, and 0.86, respectively. The final questionnaire had 14 items (appendix 3).
Scale Evaluation
Interrater reliability as assessed in 264 patients (cohort B; table 3) by intraclass correlation was found to be 0.99, indicating high reliability.
Validity testing was performed on cohort B. The convergent validity for FRI versus verbal rating scale was 0.76 (Spearman correlation coefficient), and that for hours of restricted activity was 0.72. The FRI score did not correlate well with postanesthesia care unit duration or hospital stay (0.39 and 0.39, respectively).
Discriminant validity testing using multiple regression of the square root transformed scores of the FRI score versus age, American Society of Anesthesiologists physical status, sex, type of anesthetic, and types and duration of surgery demonstrated that the type of surgery was the only significant variable (P Ͻ 0.0001). The types of surgery were classified into three groups: minor (dilatation and curettage and eye surgery), major (mastectomy and axillary dissections and microdiscectomy), and the rest were considered intermediate surgery. The coefficients for intermediate surgery (␤ ϭ 0.138) and for major surgery (␤ ϭ 0.337) indicated that intermediate and major surgery was associated with higher FRI scores than minor surgery.
Responsiveness
One hundred patients (cohort C; table 4) were evaluated for responsiveness of the FRI. The Friedman test showed that there was a significant difference between preoperative and postoperative day 1, 3, and 7 scores (all P Ͻ 0.001), but not postoperative day 5 (P ϭ not significant), because the scores returned to baseline ( fig. 1) . Post hoc analysis also showed that there is a statistically significant difference in the FRI score among the different postoperative days (all P Ͻ 0.01). Values are median (range), ratio, or number (percentage).
ASA ϭ American Society of Anesthesiologists; PACU ϭ postanesthesia care unit.
There were only 5 patients having major surgery (microdiscectomy), versus 23 patients in the minor group and 72 patients in the intermediate group. Because the unequal numbers in each group may lead to misleading results, we compared knee arthroscopy (9 patients), representative of intermediate surgery, with minor surgery (dilatation and curettage and eye surgery). There was a significant difference between the scores among the knee arthroscopy and minor surgical procedures at each point of time (P Ͻ 0.01; fig. 2 ) for preoperative and postoperative days 1, 3, and 5 but not for postoperative day 7 assessments (P ϭ 0.08). The change in FRI scores on postoperative day 7 compared with baseline was greater for knee arthroscopy versus minor surgery, i.e., median (range) 32.6 (Ϫ7.0 to 66.0) versus 15.3 (Ϫ26 to 68) (P ϭ 0.027).
Acceptability
Follow-up was complete for 92% of the cohort A patients and 87% of the cohort B patients tested for validity and reliability. Of the 100 patients involved in the evaluation of responsiveness, all patients completed at least one of the four follow-up telephone questionnaires. The time to complete the questionnaires was similar at the various times of administration (days 1, 3, 5, and 7) and on average ranged between 4 min 10 s and 4 min 35 s.
Discussion
We have developed a 14-item FRI to evaluate postoperative functional recovery after ambulatory anesthesia and surgery. The FRI demonstrated excellent reliability and good convergent validity for verbal rating scale pain scores and hours of restricted activity. Discriminate validity testing revealed that the FRI score could discriminate between major and intermediate surgery when compared with minor surgery. The questionnaire demonstrated good responsiveness to detect the changes in functional recovery during the postoperative period and between different types of ambulatory surgical procedures.
The final FRI questionnaire consisted of 14 items grouped under 3 factors. The FRI was designed to be administered by telephone interviews. Given the intended use of the instrument for phone interviews, it was decided that a familiar verbal rating format (0 -10) for each item would be used. Nishisato and Torii 19 have performed simulation models on two variables of predefined correlations using different numbers of steps, and found that any scale with less than 5-7 steps is unreliable in assessing subjective outcomes. The questionnaire could be completed in less than 5 min, indicating good acceptability of the questionnaire as a practical tool to assess recovery after ambulatory surgery. The FRI was tested on many different types of surgery and various types of anesthetics, including general, regional, and monitored anesthesia care. The FRI items and scales were constructed for scoring using the Likert method of summated ratings. The use of a summary score should enhance feasibility and practical use of this instrument by clinicians and researchers. The final score is adjusted for items that were not answered or not applicable for the patient.
Health-related quality of life is increasingly used as an outcome in clinical trials and research on the quality of health care. 20 There is increasing evidence that measures of health-related quality of life are valid, reliable, and responsive to clinical changes. 21 Unfortunately, existing generic subjective health status measurements are not specifically designed for use after ambulatory surgery. For example, the Medical Outcomes Study 36-Item ShortForm Health Survey 14, 15, 22 and Sickness Impact Profile are widely accepted to be valid and reliable for measurement of disease severity in chronic medical and psychiatric conditions. 23, 24 However, these instruments have been shown to have a ceiling effect on healthy subjects 24 and have never been tested or used in relation to recovery after ambulatory surgery and anesthesia.
In addition, verbal and visual analog scales have been widely used in the assessment of a significant number of postoperative outcomes, such as pain, emesis, and fatigue. 25 However, visual analog scales have not been validated for the assessment of functional recovery after ambulatory surgery and anesthesia. An instrument that specifically measures functional recovery after ambulatory surgery is important to determine true endpoints for patient functionality so that the necessary changes in ambulatory anesthesia and surgery practices can be guided to achieve better patient outcomes.
The Quality of Recovery (QoR) 9 Score 4,5 is the most commonly cited instrument to assess postoperative recovery after ambulatory surgery and anesthesia. However, this instrument had only moderate validity and reliability (0.5-0.61). 5 Of the existing instruments to evaluate postoperative recovery after anesthesia, the QoR 40 was found to have the best psychometric development. 4 However, both the QoR 9 and the QoR 40 were not specifically developed for use in ambulatory surgical patients. The QoR 40 is too long to be used for phone interviews. Conversely, the FRI is a brief questionnaire (taking approximately 4 min to complete), and its reliability and convergent and discriminant validity are high.
Discriminant validity testing using multiple regression analysis showed that only the type of surgery was a significant predictor of FRI. Age, sex, American Society of Anesthesiologists physical status, type of anesthetic, and duration of surgery were not predictors of FRI. A likely explanation for this finding may be because many of the elderly patients who participated in developing the FRI had minor surgery, e.g., eye surgery. In contrast to the QoR 9 and QoR 40, we did not find that sex was a predictor of FRI. A possible explanation for this finding may be that Myles' questionnaires were developed primarily with inpatients having more extensive surgery. 5, 12 The development of shorter instruments that are easy to understand and administer is important for feasibility and applicability for both clinicians and researchers in ambulatory surgical settings.
Test-retest reliability, defined as the agreement on two occasions separated by some interval of time, was not performed because we expected patients' recovery to be rapid and it would not have changed between interviews on the same day. There is no accepted standard for assessment of postoperative functional recovery after ambulatory anesthesia; therefore, criterion/predictive validity could not be tested.
One of the limitations of the FRI is that the score does not adjust for patients who had prolonged recovery room stay (Ͼ 2 h), those who were fast-tracked to discharge, and those who were admitted for nonserious complications or readmitted to an acute care facility postoperatively. Unlike previous questionnaires that have included the item nausea and/or vomiting, 5, 12 this was one of the items that was eliminated from the final FRI questionnaire after factor analysis.
In conclusion, the development of the Functional Recovery Index followed the steps recommended for rigorous psychometric questionnaire construction. 18, 26 This instrument can be used as a postoperative outcome measure for the evaluation of new ambulatory anesthesia and surgical techniques in future randomized controlled trials. The impact of interventions and changes in practice should be assessed using outcomes of concern to patients. This validated and reliable instrument for postdischarge functional recovery after ambulatory surgery and anesthesia will provide a valuable tool for postoperative quality assessment, particularly with the increasing number and complexity of surgeries performed in the ambulatory setting.
